Drosophila melanogaster as a cosmopolitan species has successfully adapted to a wide range of different environments. Variation in temperature is one important environmental factor that influences the distribution of species in nature. In particular 25 for insects, which are mostly ectotherms, ambient temperature plays a major role in their ability to colonize new habitats. Chromatin-based gene regulation is known to be sensitive to temperature. Ambient temperature leads to changes in the activation of genes regulated in this manner. One such regulatory system is the Polycomb group (PcG) whose target genes are more expressed at lower temperatures than at higher 30 ones. Therefore, a greater range in ambient temperature in temperate environments may lead to greater variability (plasticity) in the expression of these genes. This might have detrimental effects, such that positive selection acts to lower the degree of the expression plasticity. We provide evidence for this process in a genomic region that harbors two PcG-regulated genes, polyhomeotic proximal (ph-p) and CG3835. We 35 found a signature of positive selection in this gene region in European populations of D. melanogaster and investigated the region by means of reporter gene assays.
Introduction 45
Drosophila melanogaster is a species that has colonized all continents on earth. Now a cosmopolitan species with a worldwide distribution, it started its global spread from its sub-Saharan ancestral range relatively recently. Its origin is thought to be in southern-central Africa from which it first expanded through Africa and finally reached the Eurasian continent on the order of 10,000 years ago (David and Capy 1988; 50 Lachaise and Silvain 2004; Li and Stephan 2006; Stephan and Li 2007; Pool et al. 2012 ). This settlement was accompanied by a severe population size bottleneck and involved a significant loss of genetic variation (Li and Stephan 2006; Stephan and Li 2007; Pool et al. 2012) . The colonization of Europe and Asia from its original source population appears to be even more recent since European and Asian populations 55 share a most recent common ancestor (MRCA) around 5,000 years ago (Laurent et al. 2011) .
For insects, which are mostly ectotherms, differences in temperature are one of the most important environmental variables that influence the distribution of species in nature (Clarke 1996) . In the temperate climate of Europe, the range of possible 60 temperatures is probably one of the major challenges D. melanogaster was confronted with during colonization.
Chromatin-based gene regulation is known to be sensitive to temperature (Fauvarque and Dura 1993; Gibert et al. 2011) . In the case of the Polycomb group (PcG)-mediated gene regulation, it is known that genes under the control of this group 65 of proteins have a higher transcriptional output when flies are reared or held at lower temperatures than at higher ones (Fauvarque and Dura 1993; Chan et al. 1994; Zink and Paro 1995; Bantignies et al. 2003; Gibert et al. 2011) . The PcG and another group of proteins, the Trithorax group (TrxG), act antagonistically to epigenetically maintain repressed and activated transcription states, respectively. They act through cis-70 regulatory DNA elements called Polycomb response elements (PREs), which recruit the proteins of the two groups to their target genes. PREs regulate their target genes in combination with other regulatory DNA sequences (i.e. enhancers) in a cell-or tissue-specific manner. This interplay modifies the expression of PcG-regulated genes in such a way that enhancers initially determine the level of transcriptional output, 75 which is subsequently epigenetically maintained by PREs (Schwartz et al. 2010; Kassis and Brown 2013; Steffen and Ringrose 2014) .
Several recent studies (Harr et al. 2002; Levine and Begun 2008; Gibert et al. 2011 ) explored the question whether the temperature-induced expression plasticity of PcG-regulated genes may have been detrimental for D. melanogaster while settling in 80 temperate environments. These studies suggest that adaptation included selection acting to buffer this thermosensitive process in temperate populations.
In this study, we provide evidence for selection acting in cis to buffer the temperature-induced expression plasticity of PcG regulation in populations adapted to temperate environments. We carried out population genetic analyses to show that a 85 DNA sequence region between the two PcG-regulated genes polyhomeotic proximal (ph-p) and CG3835 has been the target of a selective sweep in European populations of D. melanogaster. Furthermore, using transgenic reporter gene assays, we demonstrate that sequence variation in this 5-kb selected fragment mediates differences in gene expression between European and African sequence variants. 90
Temperature-sensitive expression is observed in the case of the African alleles but not for the European ones. These results are consistent with positive selection favoring cis-regulatory polymorphisms that led to decreased thermosensitivity of gene expression in temperate populations.
Material and methods 95

Fly lines and sequence data
Assembled full genome sequences were taken from the Drosophila Population Pool et al. (2012) and are available at http://evol.bio.lmu.de/downloads. Nucleotides with known admixture or identity-by-descent according to Pool et al. 105 (2012) were replaced with missing value labels in the analysis. The same was done for sites exhibiting heterozygosity since heterozygotes are not expected in genome data from haploid embryos (Pool et al. 2012) . Additionally, 12 lines of the aforementioned Dutch population and 12 lines of one from Zimbabwe (Lake Kariba) were fully sequenced between position 2,030,513 and 2,059,036 on the X 110 chromosome (FlyBase release 5) applying the Sanger method (Sanger et al. 1977) .
This method was also used to sequence fragments containing the polymorphisms of interest in population samples from Siavonga, Zambia (10 lines); Munich, Germany (12 lines); Umea, Sweden (14 lines); and Kuala Lumpur, Malaysia (11 lines). All Sanger sequences were deposited in GenBank (accession numbers KR024038 to KR024162).
115
Population genetic analysis
To analyze DNA sequence polymorphisms in a 73-kb region around the ph locus, sequences of the Zambia, Dutch, and French population samples generated by the DPGP (http://www.dpgp.org) were used. Nucleotide diversity was estimated in terms7 of π (Tajima 1989) and divergence was calculated against a Drosophila simulans sequence (Hu et al. 2013) . The composite likelihood ratio (CLR) test of positive selection was performed applying the software SweeD (Pavlidis et al. 2013) . It computes the CLR between a selective sweep model and a neutral model based on the background genomic patterns of polymorphism (Kim and Stephan 2002) . We ran 125 the program on the complete X-chromosome and calculated the significance threshold (95 th quantile) by generating neutral coalescent simulations using the demographic model of Laurent et al. (2011) . To improve the power of the test statistic, the European sample was extended by adding the French population sample (Pavlidis et al. 2010; Pavlidis et al. 2013) and two additional site classes of the site-frequency spectrum 130 (SFS) consisting of sites that are monomorphic in the European sample and polymorphic in the Zambian one (Nielsen et al. 2005) . Polarization was done against Drosophila simulans (Hu et al. 2013) .
Outlier analyses were performed using BayeScan version 2.1 (Foll and Gaggiotti 2008), a Bayesian method based on a logistic regression model that 135 separates locus-specific effects of selection from population-specific effects of demography. FST coefficients (Beaumont and Balding 2004) are estimated and decomposed into a population-specific component (beta) and a locus-specific one (alpha). Departure from neutrality at a given SNP locus is assumed when alpha is significantly different from zero. Positive values of alpha suggest positive directional 140 selection, whereas negative alpha values indicate balancing selection. BayeScan runs were carried out using default parameters for a 300-kb genomic window around the ph locus with sequences from seven European and African populations. These included samples from the Netherlands (10 lines), France (8 lines), Cameroon (10 lines), Gabon CA, USA; http://www.bio-rad.com). Primers for target and reference genes were designed applying the QuantPrime software (Arvidsson et al. 2008) . Per fly line, two biological replicates were run in duplicates. No template controls (NTCs) were included to control contamination and primer specificity was confirmed by melting curve analysis. Relative expression was calculated using the qBase relative quantification 165 framework (Hellemans et al. 2007 ). Both reference genes (RpL32 and RpS20) were stably expressed across samples. This was assessed by calculating the coefficient of variation and the M stability parameter according to Hellesmans et al. (2007) . Logtransformed normalized relative quantities were subjected to a paired t-test to test for statistically significant expression differences. 170
Reporter gene assays
The genomic region between ph-p and CG3835 reaching from 2,030,598 to 2,035,598 on the X-chromosome in FlyBase release 5 (Pierre et al. 2014 ) was PCR-amplified from one Dutch and one Zimbabwean strain (NL01 and ZK186, respectively) using the 175 primers 5'-GCCACAGTCACAGCACTAAGT-3' and 3'-CCTTTCATCCATAAGTCAGTG-5'. The PCR products were cloned directly into the "pCR4Blunt-TOPO"vector (Invitrogen, Carlsbad, CA, USA;
http://www.lifetechnologies.com). The insert was then excised as a HindIII/NotI fragment and cloned into the "placZ-2attB" integration vector (Bischof et al. 2007 ). The 180 identity and orientation of the cloned fragments were confirmed by restriction analysis and sequencing. Integration vector DNA was purified with the QIAprep Spin Miniprep Kit (Qiagen, Hilden, Germany; http://www.qiagen.com) and used for microinjection of early stage embryos of ΦX86Fb strain (attP site at cyological band 86Fb). This strain includes a stable source of ΦC31 integrase on the X-chromosome. The integration site 185 used was selected by the criteria of no binding of PcG/TrxG proteins and no occurrence of their specific histone marks within a window of ± 5 kb around the site. Following microinjection, viable flies were crossed to a "white -"strain to remove the integrase and establish stable lines. Resulting offspring were screened for red eye color as a marker of successful transformants. 190
Reporter gene expression was measured in brains and midguts of third instar larvae via RT-qPCR. Flies containing one copy of the inserted construct were grown on a standard cornmeal-molasses medium at 28°C and 17°C with a 14/10h light/dark cycle. Five females and five males were allowed to mate and oviposit for three and seven days at 28°C and 17°C, respectively. Tissue of the resulting progeny was 195 dissected and immediately stored in RNAlater (Qiagen, Hilden, Germany; http://www.qiagen.com). RNA extraction and RT-qPCR was performed as described 10 above. Primer sequences for the lacZ reporter gene were taken from Zhang et al. (2013) . For normalization the two aforementioned reference genes (RpL32 and RpS20) were used. Three biological replicates per construct in the particular tissue at 200 the particular rearing temperature were run in triplicates. Negative controls included NTCs and no reverse-transcription controls (NRTs) to exclude contamination.
Furthermore, negative controls also consisted of midgut and brain dissections of larvae reared at the two different temperatures of an "empty" ΦX86Fb strain without any integrated constructs. Both reference genes were stably expressed across samples. 205
Log-transformed normalized relative quantities were calculated as described above and subjected to a Welch Two Sample t-test to test for statistically significant expression differences between the different rearing temperatures and transgenic constructs. False discovery rate was controlled using the multiple testing correction method by Benjamini and Hochberg (1995) . 210
Results
DNA sequence polymorphism in the polyhomeotic (ph) region 215
Full genome data provided by the Drosophila Population Genomics Project (http://www.dpgp.org) was used to analyze a 73-kb genomic region of intermediate recombination rates (Fiston-Lavier et al. 2010 ) that is located on the X-chromosome between positions 1,990,000 and 2,063,000 (FlyBase release 5). In an African population sample from Siavonga, Zambia, a reduction of variation in the region is 220 observed ( Figure 1A ) that overlaps with the valley of low polymorphism detected in previous studies in a Zimbabwean population sample from Lake Kariba (Beisswanger et al. 2006; Beisswanger and Stephan 2008) . In these previous studies, evidence was presented that this reduction of polymorphism originated most likely from the action of positive directional selection in the recent past causing a selective sweep in the 225 ancestral species range. As it was shown before (Beisswanger et al. 2006) , the Dutch population sample from Leiden harbors an even more pronounced valley of low polymorphism that spans over 60 kb ( Figure 1A ).
Likelihood analysis of selective sweeps in the European population 230
The 73-kb region shown in Figure 1A was submitted to a composite-likelihood ratio test that is based on the site-frequency spectrum used by SweeD (Pavlidis et al. 2013) .
Since a larger sample size may lead to more accurate results in distinguishing selective sweeps from demographic events and inferring the genomic position of sweeps (Pavlidis et al. 2010; Pavlidis et al. 2013) , the French population sample from DPGP 235 (Pool et al. 2012 ) was added to the Dutch sample to obtain a larger European dataset.
SweeD was run on the complete X-chromosome and the CLR profile of the region of interest is shown in Figure 1B . The SweeD test provided a likelihood profile that is much broader than the valley of reduced variation in Africa (Beisswanger et al. 2006; Beisswanger and Stephan 2008) and is spanning almost the entire region of very low 240 polymorphism found in the European sample ( Figures 1A and 1B) .
Genetic differentiation between the European and African population samples in the polyhomeotic (ph) region
Because a large fraction of the region of low variation in Europe contains no or very 245 few SNPs, the CLR test cannot be used to identify the targets of selection. Instead, following Wilches et al. (2014) , we utilized genetic differentiation between African and European populations to obtain model-based FST coefficients for each SNP (Foll and Gaggiotti 2008; Riebler et al. 2008) . BayeScan analyses (Foll and Gaggiotti 2008) BayeScan analysis (position on X chromosome: 2,039,998; see Table S2 ). These results suggest that the differentiation of this SNP has started in Africa, whereas the differentiation of the other five SNPs occurred outside the ancestral species range.
The five SNPs are located in the intergenic region between ph-p and CG3835 
285
Sanger sequencing of the European sweep region
Accurate detection of short insertions and deletions is still difficult using nextgeneration sequencing. Therefore, in order to exclude insertion/deletion polymorphisms as possible targets of selection in Europe, we additionally sequenced the region of interest in population samples from Europe and Africa using the Sanger 290 method (see Materials and Methods). Since the target of selection in the European samples appears to be located in the upstream half of the valley of reduced variation, these 30 kb were fully sequenced in the Dutch population sample from Leiden and a sample from the ancestral range of D. melanogaster from Lake Kariba, Zimbabwe (Pool et al. 2012) . The Sanger sequencing supports the results of the full-genome 295 dataset in that the highest genetic differentiation is observed in the intergenic region of ph-p and CG3835 and no highly differentiated insertions/deletions were found between the European and African samples.
Expression analysis and reporter gene assays 300
The intergenic region between ph-p and CG3835 contains a PRE and the promoters of the two genes. This PRE was experimentally validated by using reporter gene assays and different PcG mutant backgrounds (Fauvarque and Dura 1993) . The fragment exhibiting PRE activity as demonstrated by Fauvarque and Dura (1993) spans nearly the whole intergenic region and overlaps with the promoters of both 305 genes. Since PREs function in an orientation-independent fashion (Busturia et al. 1997; Americo et al. 2002; Kozma et al. 2008) , which was shown in particular for this specific PRE (Fauvarque and Dura 1993) , and ph-p and CG3835 are known PcG target genes as seen by chromatin immunoprecipitation (ChIP) experiments (Schuettengruber et al. 2009; Schwartz et al. 2010) , it is likely that both genes are 310 under the control of the PRE residing in the region between them. Thermosensitivity in expression as often found for genes regulated by PcG proteins was observed for ph-p in its natural genetic environment. In a rather crude experiment using whole adult flies reared at different temperatures, we observed a significantly higher expression when temperature was lower. However, this effect was only significant for the Zimbabwean 315 population sample, not for the Dutch one (Figure 3 ).
To further test whether the five SNPs that define the derived and ancestral haplotype groups have an effect on gene expression, four reporter gene constructs were created in which the 5-kb intergenic region from either a Dutch (derived sequence variants) or a Zimbabwean (ancestral sequence variants) strain was fused to the E. coli 320 lacZ gene. The lacZ reporter gene was either driven by the ph-p promoter or the one of CG3835 (Figure 4) . Reporter gene constructs were inserted into a common genetic background using the site-specific ΦC31 integration system (Bischof et al. 2007) , allowing the comparison of the expression of the different constructs at the same genomic position in an otherwise identical genetic background. It was also checked 325 that the selected integration site was not located in a PcG-regulated genomic region (see Material and methods).
To explore whether a temperature-sensitive pattern can be observed in the regulation of the two PcG target genes, flies were reared at 17° and 28°C and mRNA expression levels of the lacZ reporter were quantified in the different transgenic lines 330 via RT-qPCR. Since ph-p is highly expressed in the brain and CG3835 in the midgut of third instar larvae (Chintapalli et al. 2007 ), these tissues were dissected for the expression analysis. To measure lacZ mRNA levels, when expression of both genes is low, RT-qPCRs were also run for lines in which the reporter gene is controlled by the ph-p promoter on samples from the larval midgut, and in those with lacZ driven by 335 the CG3835 promoter on samples from the larval brain.
As expected from the endogenous expression, when the ph-p promoter was driving the reporter gene, a higher lacZ expression was observed in the brain than in the midgut, and vice versa in constructs with lacZ under the control of the CG3835 promoter (Table S1 ). For all tissues and treatments, lacZ expression due to the ph-p 340 promoter was higher than expression due to the CG3835 promoter ( Figure 5 ).
Constructs carrying the ancestral sequence variants exhibited a temperature-sensitive expression pattern in the midgut while no such temperature-dependent expression difference was detected in the brain and for those constructs with the derived sequence variants ( Figure 5 ). In the case of the ancestral sequence variants, midgut expression 345 was ~ 2-fold higher when larvae were reared at 17°C than at 28°C. This difference due to temperature in lacZ expression was highly significant for the ph-p promoter, whereas no significance was reached for the promoter of CG3835 ( Figures 5C and 5D , Table   S1 ). For the constructs with the derived sequence variants and lacZ under the control of the ph-p promoter, a significantly higher reporter gene expression at 28°C, 350 compared to that of constructs with the ancestral variants, led to a buffering of the thermosensitivity ( Figures 5C and 5D ).
Therefore, we may conclude that nucleotide differences between the European and African sequences in the intergenic region have led to differences in gene expression. However, which of these differences confer the observed expression 355 differences is currently unknown. In addition to the five candidate SNPs, there are two other sites in the 5-kb insert that differ between the two fly strains (NL01 and ZK186) from which the fragment was taken (Figure 4) . One of these two sites is upstream of the first candidate SNP and the other one is downstream of this SNP ( Figure 4B ). The latter harbors a derived variant in the African line that is rare in Africa (6 out of 139 360 lines) and not found in Europe, whereas the former one is also highly differentiated between Africa and Europe with the derived variant in high frequency in Europe (42 out of 42 lines) and rare in Africa (7 out of 138 lines). The seven sites that differ between the African and European reporter gene constructs are all candidates responsible for the observed differences in lacZ expression (Figures 4 and 5) . 365
However, only the highly differentiated SNPs are expected to be causative if selection is responsible for the observed expression differences. Each of these SNPs has the potential to insert or delete a transcription factor binding site (TFBS) motif or change its binding affinity (Hauenschild et al. 2008) , either located in the PRE or any other regulatory element in the ph-p/CG3835 intergenic region. Interestingly, for the 5 th of the 370 candidate SNPs (Figure 4) , the derived variant creates the Grh consensus sequence experimentally identified by Blastyák et al. (2006) and a Dsp1 consensus sequence that was demonstrated to be important in PcG recruitment (Déjardin et al. 2005) . The derived state of the aforementioned additional highly differentiated SNP upstream of the 1 st candidate SNP leads to the insertion of a motif, a GTGT sequence, which was 375
shown to be functional in PRE activity in a number of studies (Kassis and Brown 2013).
Discussion
As it was shown before (Beisswanger et al. 2006; Beisswanger and Stephan 2008) , the genomic region around the ph locus exhibits a strong reduction in nucleotide 380 polymorphism in D. melanogaster populations from Africa and Europe. Thus, the data suggest positive directional selection acting at this locus leading to a selective sweep.
In the previous studies, however, the question remained whether the sweep in the European population is independent of the African one, or a result of a trans-population sweep that arose in Africa before the colonization of Europe (Beisswanger et al. 2006; 385 Beisswanger and Stephan 2008) . The much more pronounced reduction in nucleotide diversity in Europe could just be a product of the severe population size bottleneck D. melanogaster underwent during its migration out of Africa, and this bottleneck could also be the cause for the very high differentiation of the genomic region between ph-p and CG3835. However, since Asian and European populations share a MRCA after 390 the out-of-Africa bottleneck (Laurent et al. 2011) , and populations from Asia show a high genetic diversity in the aforementioned intergenic region, it is unlikely that the bottleneck is responsible for the high frequency of the derived sequence variants found in Europe.
The genes ph-p and CG3835 flanking this highly differentiated region are known 395
PcG target genes (Schuettengruber et al. 2009; Schwartz et al. 2010) and harbor an experimentally validated PRE between each other (Fauvarque and Dura 1993) . PcGregulated genes are temperature-sensitive in their expression; i.e. their transcriptional output is higher when flies are reared or held at lower temperatures than at higher ones (Fauvarque and Dura 1993; Chan et al. 1994; Zink and Paro 1995; Bantignies et al. 400 2003; Gibert et al. 2011) . This phenomenon prompted the hypothesis that if cold temperatures disrupt PcG regulation, then adaptation to temperate environments should include the buffering of this expression plasticity (Levine and Begun 2008) . Natural selection would then act to stabilize the transcriptional output leading to a lower degree of gene expression plasticity in response to varying temperatures. As a 405 consequence, thermosensitivity of PcG target gene expression would be reduced by limiting the influence of the environment. A genome-wide expression analysis indeed identified more genes with expression plasticity due to rearing temperature in tropical compared to temperate populations (Levine et al. 2011) . Our study also supports the reduced thermosensitivity of PcG target gene expression in temperate populations. 410
The data suggests temperature-sensitivity of PcG target gene expression in African populations that was selected against in populations from Europe to stabilize the transcriptional output across temperatures. At the locus under study, this was observed for the expression of ph-p in the natural genetic background and for larval midguts using reporter gene assays. The reporter gene analysis linked the SNPs that were 415 detected as likely targets of positive selection in Europe to the European stabilized gene expression. Rearing temperature had no effect on gene expression in larval brains. Possible explanations could be that brain expression is under a greater selective pressure against gene expression variability, and so the expression level is already less environmentally sensitive in the African populations; or that there is no 420 thermosensitivity of expression in the larval brain. In addition, for the ph-p promoterdriven expression, the data indicate that higher transcriptional output at lower temperatures is not in itself detrimental. The greater variability in expression due to a higher degree of variation in temperature in temperate climates, however, seems to have been disadvantageous and needed to be reduced by the action of selection 425 during the colonization of Europe.
More recent studies only focused on selection stabilizing the temperaturesensitive transcriptional output by directly acting on the proteins of the PcG system in populations from temperate environments (Harr et al. 2002; Levine and Begun 2008; Gibert et al. 2011) . In this study, we present evidence for selection acting on cis-430 regulatory sequences to reduce the temperature-sensitivity of PcG-regulated gene expression.
Since PRE function is highly dependent on the genomic location, one drawback of our study may be that reporter gene assays were only done at one integration site in the genome (Kassis and Brown 2013; Steffen and Ringrose 2014) . This position-435 effect is mainly due to regulatory elements in the vicinity of the integration site that can have an influence on the function of the transgenic PRE. However, it is likely that redoing the study at an additional integration site would yield similar results as those reported here. One reason for this is that studies observing this position-effect mainly looked at smaller PRE sequences (Kassis and Brown 2013) . Our inserted fragment is 440 about 5 kb in length and likely contains other regulatory sequences (i.e., enhancers) in addition to the two promoters and the PRE. Furthermore, we could reproduce the endogenous expression pattern of the different tissues in the transgenic lines with a higher expression of ph-p in larval brains than in midguts and vice versa for CG3835.
Here, we report a cis-regulatory change mediating a decreased 445 thermosensitivity of PcG regulation at a specific locus. The question arises as to whether selection against temperature-sensitive expression variability in temperate populations is a global phenomenon, i.e. PcG target genes in general exhibit such a buffering, or whether it is specific for the locus examined in this study. The former is supported by other studies that have shown greater expression plasticity in tropical 450 populations than in temperate ones (Levine et al. 2011) , and given evidence for spatially varying selection targeting proteins of the Polycomb group (Harr et al. 2002; Levine and Begun 2008) . It would then also be of interest to which amount either of both, cis-regulatory and trans-regulatory changes, contribute to the reduced thermosensitivity in temperate populations, and whether one can observe other PcG 455 target genes with cis-regulatory changes.
The buffering of the temperature-induced expression plasticity due to the derived sequence variants is likely to be explained by changes in TFBS motifs. There a two possibilities how this could have happened. First, changes in TFBS motifs occurred in enhancer sequences altering the strength of the enhancer, resulting in a 460 change in the transcriptional output that is then maintained by the associated PRE.
Second, the PRE could have been directly targeted by selection and TFBSs of PcG proteins and associated factors could have been modified leading e.g. to changes in PcG recruitment, and therefore to differences in the expression level that is maintained by the PRE (Schwartz et al. 2010; Steffen and Ringrose 2013) . For enhancers as well 465 as for PREs, it is well documented that small changes in their sequences can have large effects on the expressed phenotype and both cis-regulatory elements are known to evolve rapidly (Hauenschild et al. 2008) . Therefore, it seems likely that a change in sequence of one of them (or both) is responsible for the expression differences described in this study. To find the causative sequence variant(s) and the associated 470 TFBS(s), further experimental studies are needed.
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